Solid-phase radioimmunoassays for woodchuck hepatitis virus (WHV) surface antigen (WHsAg) and antibody to it (anti-WHs) were developed. The test for WHsAg could detect as little as 10 ng/ml. In both tests it was necessary to employ radiolabeled WHsAg instead of anti-WHs as the probe because the latter appeared to be labile to the conditions of labeling. The tests were used to characterize naturally acquired and experimental WHV infections of woodchucks. Forty-three of 72 wild-caught woodchucks had serological evidence of WHV infections; 16 of these resulted in chronic infection, and the remainder were self-limiting. All chronically infected animals were positive for WHsAg and DNA polymerase activity. During 3 years of observation, 11 of the 16 WHsAg-positive animals and 3 of the 27 anti-WHs-positive animals, but none of the 21 uninfected animals, developed hepatocellular carcinoma. Seroconversion, possibly resulting from infection with WHV, was documented in a chimpanzee inoculated with WHV. An immune adherence hemagglutination test for WHsAg was also developed by using anti-WHs of chimpanzee origin as a reagent, but the test was not useful for detecting anti-WHs of woodchuck origin because of the lability of the latter.
Solid-phase radioimmunoassays for woodchuck hepatitis virus (WHV) surface antigen (WHsAg) and antibody to it (anti-WHs) were developed. The test for WHsAg could detect as little as 10 ng/ml. In both tests it was necessary to employ radiolabeled WHsAg instead of anti-WHs as the probe because the latter appeared to be labile to the conditions of labeling. The tests were used to characterize naturally acquired and experimental WHV infections of woodchucks. Forty-three of 72 wild-caught woodchucks had serological evidence of WHV infections; 16 of these resulted in chronic infection, and the remainder were self-limiting. All chronically infected animals were positive for WHsAg and DNA polymerase activity. During 3 years of observation, 11 of the 16 WHsAg-positive animals and 3 of the 27 anti-WHs-positive animals, but none of the 21 uninfected animals, developed hepatocellular carcinoma. Seroconversion, possibly resulting from infection with WHV, was documented in a chimpanzee inoculated with WHV. An immune adherence hemagglutination test for WHsAg was also developed by using anti-WHs of chimpanzee origin as a reagent, but the test was not useful for detecting anti-WHs of woodchuck origin because of the lability of the latter.
The value of the woodchuck as a model for the study of hepatitis and its course of infection has been well established (9, 10) . The natural occurrence of hepatitis in the animals with the subsequent development of chronicity and hepatocellular carcinoma may closely resemble what happens in humans who are infected with hepatitis B virus (HBV) and subsequently develop liver cancer.
Previous studies have shown evidence of shared characteristics between the human hepatitis B virus and the woodchuck hepatitis virus (WHV). Both are DNA viruses, have similar morphologies, and possess analogous antigenantibody systems which cross-react serologically (1, 9, 10, 11 it (anti-WHs) by adaptation of woodchuck reagents to the well-defined laboratory techniques of solid-phase radioimmunoassay (SPRIA) and immune adherence hemagglutination (IAHA).
MATERIALS AND METHODS
Woodchuck samples. Woodchuck sera and plasma were obtained from a colony of wild-caught woodchucks (Marmota monax) maintained for a period of up to 3 years (7).
Woodchucks were trapped in the wild, and therefore exact ages could not be determined. Upon receipt the animals ranged in weight from 6,700 to 850 g. Those heavier than 3,500 g were considered "adults," and those weighing less than 3,500 g were considered "yearlings." As could be determined from available records, this colony consisted of approximately 30% yearlings and 70% adult animals. Males and females were equally distributed in the two groups. These animals were bled monthly and monitored for markers of hepatitis infection on a routine basis. The (Fig. 1) . The one value which fell between these two groups (1.5) was an early serum from a woodchuck that subsequently became antigen positive and DNA polymerase positive, developed a chronic WHV infection followed by hepatocellular carcinoma, and eventually died. This animal is believed to have been developing antigen at the time of the early bleeding.
When these same woodchuck serum pairs were tested for anti-WHs by direct SPRIA, the antibody-containing sera (depicted in Fig. 1 antigen-negative population and had an average N/S value of 0.6. The additional antibody in the serum test samples had an additive effect with the reagent antibody already in the wells, thus producing S values higher than normal. Sera negative for both antigen and antibody had a mean N/S value of 0.9. Figure 2 shows the results of titration by RIA of the partially purified WHsAg. This test detected antigen at a concentration as low as 10 ng/ ml. On the basis of the data in Fig. 1 and this titration we chose an N/S value of 1.5 (164 ng/ ml) as the cutoff point for positivity (33% suppression). Generally, this is a somewhat lower suppression level than is required in most blocking tests which utilize labeled antibody and is dictated by the less complete blocking of antigen when compared to antibody in such tests.
In attempts to set up a direct SPRIA by radiolabeling the woodchuck antibody and to perform the IAHA test to look for antibody in woodchuck sera, we encountered difficulties in both instances, which suggested to us that the anti-WHs was labile to a common or similar reagent employed in both tests. Since a reducing agent is used in both procedures, we constructed the experiment to test the effect of 2-mercaptoethanol and dithiothreitol on anti-WHs. Our data show that when antibody was exposed to either one of these reducing agents, there was a 10 to 30-fold fall in titer (Fig. 3) . This sensitivity to reducing agents strongly suggests that the 100 r The 72 feral woodchucks from the mid-Atlantic region (Maryland, Delaware, and Pennsylvania) comprising the colony were studied prospectively by SPRIA for markers of WHV infection for up to 3 years. Sixteen of these animals (22.2%) developed chronic WHV infection with detectable WHsAg and DNA polymerase activity in their serum. Twenty-seven of the 72 animals (37.5%) had evidence of transient naturally acquired infection with subsequent development of anti-WHs. The remaining 29 animals remained free of WHV infection; some of these were used for experimental transmissions of the virus. Eleven of the 16 WHsAg carriers and three of the 27 anti-WHs-positive animals, but none of the 21 seronegative animals, developed hepatocellular carcinoma during the course of the study. The incidence of naturally acquired WHV infection and the incidence of hepatocellular carcinoma in the feral woodchucks described herein are similar to those reported previously for Pennsylvania woodchucks (9, 10) . In a preliminary study of the 82 woodchucks trapped in New York, none was positive for WHsAg, and only two had detectable anti-WHs by the SPRIA tests. Thus, there appeared to be regional differences in the prevalence of WHV infection and subsequent hepatocellular carcinoma, observations similar to those of HBV infection and associated hepatocelluar carcinoma in humans (10) .
Utilizing the sensitive and specific RIA tests described above for evaluation of animal transmission studies, we determined that we were able to transmit the viral infection from woodchuck to woodchuck. Two susceptible animals were experimentally infected in this preliminary study. Woodchuck no. 12 was inoculated intravenously with 1 ml of a 10-3 dilution of a serum from a woodchuck chronically infected with WHV and responded with detectable antigenemia after 4 weeks, peaking at 6 to 7 weeks, with subsequent seroconversion to anti-WHs at 10 weeks (Fig. 4) WHs response was demonstrated after 8 weeks in this chimpanzee (Fig. 5) . Although the S/N ratios were not high, there was, by contrast, no anti-HBs antibody detected by the Abbott AusAb test during this period. When inoculated with a partially purified preparation of WHsAg, this animal responded with a typical anamnestic elevation of antibody (Fig. 6) . Whereas the serological response of this chimp was consistent with experimental infection with WHV, we were unable to detect any WHsAg and could not exclude a late immune response to the inoculum. A repeat of this experiment in another chimpanzee did not result in a similar seroconversion. Relative sensitivity of the SPRIA and AusRIA for detecting WHsAg was difficult to assess because of frequent false-positivity with the latter test. In general, however, SPRIA and AusRIA detected the same positive sera and were equally sensitive for detecting dilutions of the partially purified WHsAg preparation. The SPRIA did not detect HBsAg in human plasma that were strongly positive by AusRIA (136 and 33 ,ug of subtypes adw and ayw HBsAg per ml, respectively). woodchuck sera were also obtained with AusAb; this test virtually never detected antiWHs. Thus, the SPRIAs appeared to detect an antigen-antibody system unique to WHV. In contrast, AusRIA detected an antigen common to both viruses.
We were able to use serum from the peak of chimp anti-WHs in an IAHA test for WHsAg in woodchuck sera. This was dictated by the fact that woodchuck antibody could not be used because of its lability to the reducing agent dithiothreitol as reported above. The limitation of the IAHA test, therefore, is that it can be used for the detection of WHsAg only. The test facilitates the quantitation of antigen, however.
Data on the comparative sensitivity of the RIA and IAHA test for WHsAg are, at this time, only preliminary. Of 137 sera tested, 28 were positive by both tests, 104 were negative by both tests, and 5 were negative by RIA but appeared to be positive by IAHA. These five sera gave partial hemagglutination patterns, as did five sera in the antigen-positive group of 28. We do not yet know why there was an incomplete hemagglutination of the erythrocytes. Since the hyperimmune chimp was immunized with only partially purified antigen, a degree of non-specificity may be due to an immune response to woodchuck proteins.
In summary, we have developed a sensitive specific RIA to detect WHsAg and anti-WHs as markers of WHV infection and an IAHA test which simplifies the quantitation of the antigen. With these tests we have been able to evaluate studies of naturally and experimentally infected animals. The development of similar assays for WHV core antigen and antibody to it will facilitate the use of the woodchuck animal model for furthering our understanding of the relationship of this group of viruses to the development of hepatocellular carcinoma in their respective hosts.
